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unless the material contains critical flaws that produce unstable crack propagation 
below the design value of the yield strength. The difficulty with introducing the 
correction for flaws in design is that in many cases flaws cannot be easily detected. 
It becomes necessary, therefore, to develop a procedure that would define the max¬ 
imum crack length permissible at a particular level of stress. According to the 
theory of fracture mechanics, this stress level is inversely proportional to the flaw 
size. The stress at which crack propagation is expected to occur is given by the 
relation 


a = 
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(14.1) 


Fracture toughness I \ lC , which is a mechanical property, approaches a limiting 
minimum value as the specimen thickness increases. Its magnitude in Eq. (14.1) 
constitutes an absolute minimum corresponding to a plane strain condition at which 
the fractured surface has a brittle appearance. This type of failure is associated with 
the very limited plastic deformation and is typical of fractures in heavy sections. 
The dimension of K 1C is psi(im) 1 / 2 , and a denotes the half-length of the crack in 
the opening mode. Equation (14.1) can be utilized, for instance, in calculations 
involving through-cracks in relatively large containers and pressure vessels. If the 
calculated stress of fracture is found to be higher than the operating stress based 
on a minimum acceptable factor of safety, the component should be satisfactory for 
service. 

It should be emphasized that the nominal stress featured by Eq. (14.1) must 
be of a tensile nature. This stipulation is of special importance in applications 
of fracture mechanics principles to design. The key formula, Eq. (14.1), may be 
used under static or dynamic loading conditions. For conventional structural steels 
having a static yield strength of up to 100,000 psi, the corresponding dynamic yield 
can be estimated as follows: 


0yd = ffy + 30,000 (14.1a) 

According to Lange [256], the upper limit for this prediction can be as high as 
140,000 psi while at the same time the numerical term in Eq. (14.1a) is gradually 
reduced from 30,000 to zero. 

The concept of K lC refers to brittle fracture and plane strain conditions. In 
mathematical terms, plane strain is defined as the state of zero plastic flow parallel 
to a crack front. Thick materials normally develop plane strain fracture characteris¬ 
tics and the broken surface is essentially flat. As the material’s thickness decreases, 
the degree of constraint decreases, creating a plane stress condition and a maximum 
amount of plastic flow associated with the fracture. 

The effect of temperature on conventional strength and crack resistance is illus¬ 
trated in Figs. 14.1 and 14.2 for two high-strength steels. These examples indicate 
poor resistance to brittle fracture within the specific temperature ranges associ¬ 
ated with either a tempering process or testing. It is seen that the conventional 
tensile property gives essentially no clue as to the brittle behavior of the materials 
discussed. 



